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"Ohservations Made at a High-Altitude
High-Latitude Manned Facility

INTRODUCTION

From 1963 ¢ 1965 the Arctic Aeromedical
Laboratory, a facility of the US. Air Force
Systems Command’s Aerospace Medical Divi-
sion, conducted an active research and devel-
opment program in conjunction with the

Geophysical Institute of the Univemsity of
Alaska and the U.S. Army Arctic Test Center
which resulted in the establishment and opera-
tion of a small field station at 4 180 meters
(13650 feet) near the summit of Mount
Wrangell, Alaska. Mount Wrangell, located
at 62° N, 144° W, is a minimally active vol-
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Y1ouas 1.—Contour map of Mount Wrangell area showing location of base ¢amp, temporary high camp site,
summit, aihd conneoting air foute.
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cano with a large, relatively flat, plateaulike
top which measures about 5 by 3.5 kilometers
(figs. 1, 2, and 3). It is covered with a peren-
nial snow and icefield at an altitude high
enough to be approximately at the dry-snow
line. The icefield is essentiully unbroken ex-
cept for a small crater, which producés modest
amounts of steam and hydrogen sulfide, and
for several ridges, some of which are kept ice
free by the presence of voleanic heat. In the
summer of 1964, a specially insulated, pre-
fabricated shelter measuring 16 by 24 feet was
assembled on the largest of these ice-free
ridges (figs. 4 and 5). The structure was
designed to trap and hold heat from the
underlying warm ground. Since its erection
the structure has remained comfortably warm
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without the use of supplemental heat regard-
less of outside temperatures, This building
was utilized for several weeks as the living
quarters for a working party in the late summer
of 1964 and served as the laboratory work and
support area for several research and work
teams who used the facility in the spring and
summer of 1965 (figs. 6 and 7). The present
paper réports on certain psychophysiological
responses observed in station personnel and
on selected temperature and barométric pres-
sure measurements made during this period.
Sincere thanks are expressed to Dr. C. S.
Benson for his suggestions concerning the
feasibility of using trapped volcanic heat; to
D. L. Chauvin, the supervising construction
engineer; and his fine team of Geophysical

Summif Area, Mount Wicngelt, Aleska

Froune 2.—Contour map of summit area, Mount Wrangell, Alaska.
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Fiaure 3.—Contour map of research facility area on Mount Wrangell.
1. Storage and genérator building.
2, Main building.
3 and 4. Huts frorh 1953-54 (of possible use in emergeney).

Institute personnel; to Dr. C. J. Eagen, Capt.
J. Ray, J. Schuman, and the others : ¢ the
Arctic Aeromedical Laboratory staff who par-
ticipated both as subjects and observers; and
to the outstanding airlift support provided by
the U.S. Army Arctic Test Center, the U.S.
Air Force Alaskan Air Command, and J.
Wilson, owner of the Wilson Air Service in
Gulkana, Alaska.

ADAPTATION OF PERSONNEL

A total of 37 different individuals partici-
pated in the establishment and initial operation
of the facility and in the follow-on research
program. Of this number, 28 individuals,
vuyinghagbfmm%to&yeus,nmdn’ed
on location for more than 1 day and are in-
cluded in the analysis. Their average stay
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Fiauns 4.—Schematic of laboratary structure.

Fiaurs 5.—Aerial view of ice-free ridge with laboratory facility in foreground. Small structures visible at far end of
" ridge are Jamesway huts crected by Geophysical Institute in 195354 to support a cosmio-ray research program.
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Fiours 6.—Mount Wrangell research facility showing laboratory facility on the left, generator hut on the right, and
bivouac area in left foreground.

Fiouas 7.—Interior view of laboratory building. Special ejress window is open.
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was 14 days, so they received a protfacted
exposure to the combined stress of altitude,
cold, and work. Because the remoteness of
the site and an aggressive work program placed
a premium on maintaining physical fitness,
the health and operational effectiveness of all
personnel were observed and recorded. These
observations are of practien! interest inasmuch
as they offer substantial idence that, con-
trary to popular belief, 1t is the older, more
mature male and not necessarily the young
individual who is better able to adapt effec-
tively to the rigors of life in the Arctic at an
altitude of 4160 meters.

Physiological Environment

Table 1 summarizes the physiologically sig-
nificant environment data. Like all high
moentains, Mount Wrargell exhibits reduced
barometric pressures, low temperatures, high
winds, and capricious storms. During the pe-
riod of this study the barometric pressure as
measured &t the facility (altitude, 4160 meters)
was most frequéntly observed to be at or about
450 mm Hg, with variations from a high of 457
to & low of 420 mm Hg. Since most of the site
activities reported were conducted from July
to August 1964 and March to June 1965, the
very low temperatures associated with the long
arctic night were not observed. Daytime en-
vironmental temperatures varied from a high
of —5° O on the warmest days to —25° C on
the coldest. Nighttime temperatures generally
averaged 1° to 6° C colder. High winds and
severe storms with blowing snow were common
and wind velocities were estimated to be in
excess of 75 knots on several occasions.

Participants

The participants were divided into three
teams as described in table 2. The construc-
tion group, team A, consisted of civilian con-
tract employees from the Geophysical Institute
of the University of Alaska. Team B, the
research group, was comprised eolely of U.S.
Air Force personnel. All individuals in teams
A and B worked herd at altitude. Team C
was & research and support group whose mem-
bers generally engaged only in light work. It

EXTRATERRESTRIAL RESOURCES

included U.S. Air Force pemonnel and person-
nel from the Genphysical Institute as well us
one participant from the U.N. Army, one from
the Univemsity of Hawaii, and one from Oxford
University in the United Kingdom.

Tasre 1. —Environment Characteristics Observed
at Mount Wrangell Research Facility

Value
Charasteristic
Max Min Av

Altitude:

Meters...ocecmrene]ecanna. wfeemancana 4 160

Feeb.uecnoocnccccno|savaanar|eonccans 13 630
Barometrio pressure

MB..eceeerecceen 608 872 600

mmBgeeenennnan.. 437 429 450
Daytime tempeérature:

OCeneccccccancanua -8 =28 -18

Fevaccnncacanacnca 23 -13 0
Wind, knots. ...cccee... 5+ 0 10
Length of day, hr. .. ... 22 12 19

TasLe 2.—Age Distribution of Participants as a

Function of Activity
Number of subjects with
primary activity of—
Age | Hard work Light | Total
‘ work
Team A | Team B | Team C

20t024. ... 1 3 2 ]
25t029....... 2 1 4 7
30toN....... 1 0 4 5
33t39....... 2 2 1 5
40 plus......... 1 1 3 ]
Total.... 7 7 14 28

All participants underwent baseline physical
examinations including chest X-ray, 12 lead
electrocardiograms, and blood indices. No ab-
normalities were noted. None of the partici-
pants were altitude acclimatized st the time of
their ascent to Mount Wrangell. As & matter
of fact, only 3 of the 28 had ever lived previously
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at altitude long enough to acelimatize. For
the rest, the present experience was their fimst,
Only seven individuals, the membem of tenm
B, were known to be in excellent physical con-
dition. They had trained daily in eross-country
runs, ski reconnaissance patrols, and other
types of gruded exercise for 5 months prior to
uscent. Repeuted testing using the method of
Johnson et al, (ref. 1) as dexeribed by Consola-
zio, Johnson, and Pecora (ref. 2) clussified ull
of them as highly fit. The reat of the purtici-
pants made no special effort to train or other-
wise improve their fitness, The military mom-
bers of group C, when tested in the sume way,
all fell into the lowest categury of fitness,
Group A was not tested, (The foregoing
information was obtained from a personal
communication from Dr. (. J. Eugen.)

Quality of the Experience

Nearly everyone spent a substantinl number
of waking hours in the open. With the excep-
tion of a few members of the support groups
who slept in the facility structure where the
temperature averaged fromi 23° C (70° F) to
20° C (80° F), all personnel lived in standard
four-man mountain tents and slept in arctic
eleeping bags placed on air mattresses, Clothing
was the standard arctic military issue supple-
mented by lightweight down-filled parkas and
pants. The basic diet, unrestricted with re-
spect to quantity, was the standard military
K-ration supplemented, when logistically feasi-
ble, by fresh bread, meat, fruits, and vegetables.

Transportation between base camp and the
summit was accomplished by aircraft, the total
ascent usually taking less than an hour. Imme-
diately on arriving,  participants undertook
a full work schedule. In the case of the
construction crew; tesm A, the initial task
was to excavate a foundation for the laboratory
building and also unload incoming materials
as they arrived. For example, six men working
almest continuously were able to excavate and
niove an estimated 4.6 cu m (cu yd) of volcanic
ash and sand weighing abont 7280 kilograms
(8 British tons) in the first 18 hours on location,
in addition to wnloading saveral tons of supplies
and materials from incoming aircraft. They
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continued their heavy work nt u lesser rute for
the next 4 duys until all mujor assembly setivi-
ties hud heen completed.  Similarly, the seven
men in the physically fit team B worked hard
from the onset; they set up a hivouae aren on
their first duy and initinted = preplunned pro-
gram of ski patrals, elimbing activition, and
calisthenicn on the following duy. By way of
contrast, most members of group A engageil
in a compuaratively undemanding work regimen;
they limited their activity to setting up and
operating research eqiripment and condueting
general station-keeping tuiks.

The close presence of u voleanic crater inter-
mittently venting modest quantities of visible
steam and small amounts of hydrogen sulfide
gas, which was also the source of oveasional
tremors as masses of snow and ice on the crater
rim would melt, loosen, and audi::f' tumble to
the bottom of the cone, continually reminded
each participant that he was indeed living on
the edge of a voleano.  Although the probability
of a substantial unheralded eruption was judged
to be negligible, the possibility of such an
event could not be completely discounte:!l (ref.
3). Thus, the participants were subjected to &
unique whole-body stress based not only on &
physiologically demanding environment but
also on a series of psychological loads which
incliuded the problems of small-group living in
8 location remote from outside help, where
work and exercise schedules had to be tailored
to fit the immediate weather, and a quiet
volcano exerting its own background effeot.

Observations

For the first several hours after arrival at
136850 feet, nearly all subjects reported a
transient sense of elation. Within 4 to 24
hours slightly more than one-half of the indi-
viduals were affected by symptoms of altitude
sickness oceurring in varying degrees of severity:
Headache, shortness of breath, general weak-
ness, loss of appetite, nausea, and sometimes
vomiting. However, only a few were disabled
enough to restrict job performance.

A rating scale of from 1 to 4 is used to assess
the operational effectiveness of each of the 28
individual participants, the assessmient being
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based on general work performance rather than
on the degree of symptomatology, (See table
35 A mbjeet is judged fully offective and

Tanue 3. —Classification of Operational

Fffectivenean
Classiflention Degreo of effectivoness
PFully offective,
R Marginally effcotive,
N Temporarlly ineffective,
. Incflective,

rated as 1 if no symptoms were reported, if
activity wes not consciously limited by dyspnea
or wenkness, and if assigned tasks were per-
formed appropriately. A rating of 2 suggests
marginul effectiveness und indicates that the
subject had overt signs and symptoms of acute
altitude disense perhups for as long as several
days, but the cupacity to work, exercise, and
perform general duties as assigned was not
noticeably compromised. Group 3 is composed
of subjects probably hest described as tem-
porarily ineffective hecause they required inter-
mittent bedrest for time periods ranging from
hours to days. Although these subjects were
not a major burden since they could take care
of their personal needs, they were physically
unablé to perform part of their assigned duties
in a predictable manner. However, all recov-
ered in place and became effective within a
week. Subjects rated as 4 are termed ineffec-
tive because they were so severely incapacitated
by nausea, vomiting, headache, and weakness
that immediate evacuation to hase camp was
clearly indicated.

Tables 4 and 5 show the variation in opera-
tional effectiveness of the Wrangell subjects,
On inspection it is evident that the maintenance
of operational effectiveness is somewhat pro-
portional to age with young men under 25
years of age being most vulnerable to significant
impairment and failure, while similarly exposed
men in their thirties and forties remained
comparatively effective. As a matter of fact,
the data might even be interpreted as sug-
gesting that it is the combination of youth and
hard work that is most likely to couse dis-

Tawwe 4. —~Operational FEffectiveness at 4160
Metess Shown as @ Funetion of Age

Number of subjeots for

effeotivohicss rating—
Ago _— Total

| 2 3 4
Wt024......... | I R 3 2 6
WBto20......... 2 1 3 1 7
toM._........ { L 3 PO I 8
Mtodd......... T PR IR N . B
04+ ... 3 I 1 . b
Total...... 12 6 7 3 28

ability, while in the more mature subjects
physical work at altitude seems therapeutic.

Effective Performance at Altitude
Thresholds for Altitude Tolerance

It is believed that the observed decréases in
operational effectiveness were primarily related
to acute altitude sickness in most instances.
Altitude sickness derives from hypoxia which
in turn is & function of the decreased partial
pressure of oxygen found at altitude. Table 6
presents a spectrum of operationally applicable
hypoxic thresholds as a function of altitude.
The performance of athletes such as long-
distance runners is reduced by & to 7 percent at
2134 meters (7000 feet) (ref. 4). Psychomotor
funetion is impaired by acute exposure to
altitudes above 3048 meters (10 000 feet), and
for this reason militery fliers are required to
breathe supplementary oxygen when that alti-
tude is exceeded during flight. However, given
time, complete acclimatization appears possible
in most healthy individu:als up to an altitude of
4752 meters (18 000 feét). Above that altitude,
sometimes termed the “threshold of incomplete
compensation;” men born at sea level fail in
substantial numbers to adapt successfully to
prolonged exposures. The maximum threshold
for permanent residence is very well defined at
6334 meters (17 500 feet) (ref. 8). The Mount
Wrangell field station strategically located at
4150 meters (13 615 feet) is thus within the
range that should be fully compensable for most




HIGH-ALTITUDE HIGH-LATITUDE MANNED FACILITY 243

TAnLE 5.—Operational Effectiveness at 4160 Meters as a Funetion of Age

Number of subjeets for
effectiveness rating *
Age Fitness Total
1 2 3 4
200 Qoo nnaranenonn] Fllasacecsennnmrincennanccnfenncnnaniouearans 1) 2. ...
...................... 2(4)
........ 2 | R
DY R T . IR B . | S Pt Eh ity (3 . -een- .
.n b S PR 4(3)
1 PR n
LR T X: ) TR [ - | S e i AR Atdaloid Rl (RIS S
2 J|eeecneen .-- 401)
2 lieesmenefenoarcrefancecnsn
LYY Y TR [ ) | oS PSPP PR BN I CEEIIEEES (bt M et
........................ 1(4)
PP ST RUUUUUUTRUR - YUt I | ARER SPCTLERN LT b enns
........................ 3(2)
1 ) J I A
Total subjects 6(0) 5(2) 0(3)| 14(14)

e

s Numbers in parentheses indicate subjects who engaged in hard lnbor; others refer to subjects engaged in light

work.

bt 4 of the 3 subjects in the 40+ group were younger than 44; the fifth was a hard-working, 53-year-old member

of team A.

healthy people but is nevertheless high enougi:
to provide a severe degree of hypoxic stress.

Effect of Age

The effect of aging on changing the respon-
siveness of man to physical stress usually takes
the form of a gradual and progressive loss of
physiological reserves. It becomes evident in
the third or fourth decade of life to & degree
sufficient to compromise performance in those
physical activities which require both reason-
ably long-term, high-energy outputs and quick
reaction times. By analogy, it would seem
that the most fundamental of the physiological
stresses—namely, exposure to high terrestrial
altitudes with its reduction in inspired oxygen—
should be tolerated better by the young adult
than by an older persop. This viewpoint is
probably accepted a priori by most individuals
and has support in the literature. For example,
it has been reported that at 4000 meters
(13120 feet), younger subjects acclimatize

better and sooner (ref. 6) and at 2898 meters
(8500 feet) older people are more severely
affected by symptoms of altitude sickness than
is the average fit young man (ref. 7).

Insofar us the 28 subjects in this study rep-
resent a reasonable sample of the general Amer-
ican population of military age, the data in
table 4 indicated that probably the reverse is
true; namely, & nian in his late twenties,
thirties, and early forties performs more effec-
tively at altitude than does o younger person.
This is not an anomelous finding but has been
substantiated to some degree by the observa-
tions of others. Mountaineers have long ep-
preciated the fact that it is the person in his
thirties, and not necessarily the very fit young
man in his late teens or early twenties, who
makes the best high-altitude climber. Nevison
(vef. 8), in reporting on the Hidden Peak ox-
pedition in the Himalayas in 1988, observed
that it was the two oldest members of the party
who were able to make the highest ascent.
Hellriegel, medical director of the Cuero del
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Tanws: 6. Operationally Significant Reaction Thresholds to Altitude Showing Critical Location of

Mount Wrangell
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Pasco Corp., whieh conduets mining operations
in the high monntains of South Amerivy, has
noted, in o pemonal communication, that the
degree of disability suffered by minems re-
cruited from the lowlands and newly arrived at
altitudes of 3658 to 4063 meters (12 000 to
156 300 fest) uppears to he uge specific and
closely parallels the Wrangell experience us
presented in table 4. Bowerman (ref. 9) stuted
that among track athletes training ut 2133
metei., (7000 feet), the more youthful the
competitor, the less adjustment in 15 to 20
days. MecFuarland, in a study of more than 200
men varying from 18 to 70 yeurs of nge who
were acutely exposed for 2 houms to a 4267-
meter (14 000-foot) eltitude in a low-pressure
chamber (ref. 10), found heart rates of older
men to be slower than those of the younger. In
addition, the older subjects appeured to have
fewer compluints and were less susceptible to
fainting and collapse. Kolk (ref. 11), using
Mosso’s original data, showed that young men
uged 18 to 19 years exposed for 3 days to 4539
meters (14 957 feet) at the Reginu Murgherita
Hut in the Italian Alps had substantially
higher heart rates than did older men between
22 to 50 years, but that the older men had
higher respiratory rates. Hall et ul. (ref. 12),
in evaluating the effectiveness of potassium
chioride to modify nltitude sickness, transported

o o — .
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20 Indinn Army soldiers viarying in age from
18 o 30 years from u sea-level location to 5782
meters (17 000 feet) within o 24-hour period.
None had a history of pravious altitude accli-
matization. All subjectz suffered to some
degree from ucute ultitude sickness duiring the
4 duys at altitude, and it was concluded that
the drug wus ineffective. However, when Hall’s
original dutn are evaluated in terms of the degree
of disability us determined by incapacitation
requiring bedrest (sev table 7), an age effect is
uncivered which shows that men over 20 years
of nge apparently ure less affectad than ure
younger men. Luft (vef. 13), in a series of low-
pressure-chamber studies, found a remarkable
age-reluted difference in tolerance to ucute
exposures of 7500 meters (24 600 feet) with
men batween the nges of 25 and 40 years
having a time of useful ¢op-ciousness about 2
minutes longer thun the average time of 6
minutes 8§ seconds recorded for subjects between
the ages of 20 and 25 years. Finally, the ob-
servation that high-altitude pulinonary edema,
an uncommon but serious complication of acute
sickness, seems to huve o higher incidence in
young people is not inconsistent with the
generul thesis that performance at altitude
improves with age (ref. 14).

There is no convincing explanation for the
age-related altitude effect. In the case of

adhae U e
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Tanug 7.~ Fatimated Effectivencsn of 20 Indian
Army Soldiers Erposed for & Days to G782
Meters in the Himalayas

(Estimmten bused on a review of Hall's original dnta
to determine length of time sibjeets in cach age
entepnry wore eonfined to hed heenuse of Hiness)

Numbir of subjeots reguiring—

Age : ; v
" No - Bed | Bed Totnl
Ii sl i < Ldny ! >1dny
g e —— --'Il—w‘ —— __‘ ey~
MWeen o vvomvenne 0 4 1 h
WM. . .. | 3 | 2 b 10
5t ... l 2 i 2 i h
Towl... & Kl 7 20
I 3 |

mountaineers, purt of the answer may be
found in previous training and motivation.
The older man is presumubly willing to accept
the discomfort and unxiety associnted with
exposure and work at altitude secure in the
knowledge, bused on the firsthand experience
of the past, that the situation is tolerable.
On the other hand, one cannot complétely
discount the possibility that the older moun-
taineer does better beécause his acclimatization
processes, having been previously exercised,
are more effectively mobilized and thus mini-
mize the severity of altitude sickness. The
observation of Pugh (ref. 7), when he was
reférring to successive ascents to altitude, is
very much to the point because he notes that
most of the people he knows who have personal
experience would say they had less trouble the
second time. He said he would certainly claim
for himself that he had less trouble, although
his ceiling is lower now that he is getting older.
Perhaps this phenomenon can be considered
evidence of a biological memory which, once
established, promotes successful patterns of
acclimatization to subsequent exposures. Con-
siderations of previous training and exposure,
important though they may be to mountaineers,
are not believed to be important factors in the
present study, since only 3 of the 28 subjects
!ind previously lived au altitude. However, it
is interesting that one of these, a 33-year-old

T L VR .. NSRSy = e

membor of team A, volunteered the information
that his second exposure, which followed his
first. by sabout 9 months, was much more
tolerable.

The possibility of a relationship between
maturity and the qualities that promote opera-
tirnal effectiveness eannot be discounted.  Ma-
turity in a physiologicul sense oceurs at ubout
age 20 in males and age 21 in women (ref, 18).
With respect to altitude tolernnce, the Wrangell
data suggest that males have a eritieal point
(perhaps o kind of “setpoint”) at nbout uge 20
which ténds to divide the ineffectives from the
more effective. The observations of Luft and
the snalysis of Hull's data 8 presented in
table 7 seem consistent with such a conclusion.
Although the temporal coincidence observed
between physiclogical maturity and setpoint
age cannot be ¢onsidered cause and effect,
evidence of a setpoint phenomenon in females
of an appropriate ege would tend to be con-
firmatory. Unfortunately, fow references are
to be found on this matter. Harris et al. (vef.
16) observed that girls of college age when
compared with men expetienced less shortness
of breath, chest tightness, and so forth, at 4300
meters (14 110 feet) and Ravenhill (ref. 17) in
referring to altitude sickness felt that women
suffer less than men.

Physical Fitness

Fitness refers to the efficiency with which
physical work can be performed. A highly fit
person requires less energy to perfcrm a phys-
ical task than does someone in poor condition.
Presumably the fit persor, because of training,
has not only greater skill and dexterity but also
more efficient metabolic processes and should
be better able to tolerate altitude. Our data
on fitness are inadequate since the status of less
than one-half of the subjects is defined. In
even those the applicability of the fitness test
used is open to question. Table § presents the
available evidence which compares operational
effectiveness as a function of fitness and age.
in this connection, Dr. C. J. Eagen, resident
scientist for the Wrangell effort, found no sig-
nificant differences between the it and less fit
as & result of their exposure in his report on
body weight changes in teams B and C (ref. 18).




246 EXTRATERRESTRIAL RESOURCRS

Cold Exposure

The possibility that living and working in
subfreezing temperatures may affect altitude
adaptation desétves consideration. Exposure
to cold induces a diuresis with loss of fluids and
electrolytes to canse a reduction in plasma
volume and hemoconcentration, However, cold
nlso causes a general peripheral vasoconstrietion
which 1ot only serves to insulate against heat
loss but also reduces the size of the vaseular
bed and thus adjusts one to the reduced blood
volume, The extent to which such physio-
logical changes altered the adaptability of our
subjects is not known. However, since no
pertinent evidence implicating nge ns a factor
in cold tolerance has been found in the litera-
ture, it is assumed that the impact of cold, if
any, should fall equally on all participants.

Day-Night Cycle

The long summer diy is one of the most
striking characteristics of the Earth’s polar
regions. At the latitude of Mount Wrangell
there is little or no darkness for the best part
of several weeks before and after the summer
solstice. Although a long day of this kind has a
potential for disturbing the inborn circadian
¢ycle and thus affecting health and efficiency,
it was not an important factor in this study.
Each of the subjects had been at the same or
at higher latitudes for weeks to years before
moving to the summit and had already adopted
his activities to the usual 24-hour day inde-
pendent of the hours of daylight. There was
no essential change in work and sleep schedules
at the laboratory station.

Psychological Factors

Of all the variables that influence behavior in
a8 practical situation, only a few can ever be
incorporated in any series of laboratory tests.
At best then, laboratory experiments only
approximate real life and incorporate & potential
for error since important interactions may not
be observed. The Wrangell location is not a
structured laboratory setting. The knowledge
that unpredictable, potentially destructive, un-
restrainable natural forces are underfoot and
operative provides an emotional test bed that
cannot be duplicated in any laboratory and

may represent a reasonable terreutrial approxi-
imation to the kind of psychological stiess
implicit in an extraterrestrial location,

Renctions to stress include fear, nnsiety,
depression,  tremors, speech  disturbances,
incrensed muscle tension, altered eognition
which ean impair performance, und physiologieal
changes related to autonomie nervous-system
stimulation. Because stress reactions may also
mimic the symptoms of altitude sickness, the
degree to which the Wrangell subjects were
stressed by location, independent of altitude,
cannot he aceurately determined. That such
a stress was operative and caused the evacun~
tion of at least one subject is quite cleur.
The subject, & motivated, physically fit,
21-yéar-old man, hud been an unofficial leader
during the months of preascent training;
he had consistently tried to improve his own
performance and had urged the rest of the
group to do the same:. Severul days before
uscent he underwent un obvious change in
mood and became depréssed and anxious.
He was allowed to ascend with his group.
His first action upon arrival at the suramit
was to walk to the luboratory building, spread
out his sleeping bag, lie down, and immediately
complain of headiuche, weakness, nausea, and
arorexia, He resisted all offers of assistance
and refused tc be encouraged until he was
evacuated a day and a half later. He recovered
quickly on returning to base camp.

In spite of this instance, the general per-
formance of most subjects exceeded expects-
tions. Living in isolated togetherness, the
subjects maintained good individual and group
discipline, reinained strongly motivaied to
perform well, and were responsive to broad
general guidance from base camp. There was
no evidence of the so-called “breakaway”
phenomenon that has been reported in certain
long-term underwater habitation studies which
feature a strong control and command function
from the surface (ref. 19), perhaps because
our groups hed the primary responsibility of
scheduling their own activities on location
8o that they could take advantage of weather
and events so as best to accomplish their
established objectives in the time which had
been allotted.
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Summary of Adaptation Data

The Wrangell data strongly suggest that
altitude tolerance in males when measured in
torms of the effective performance of physieal
labor, reconnaissance ski patrelling, and gen-
eral responsiveness to a disciplined group
regimen is related to age. Others have made
observations consistent with such a conclusion
at wltitudes as low as 2133 meters (7000 feet)
(ref. 8) and us high as 7600 meters (24 600 feet)
(vef. 13). An age effect has been observed
in people ~f different ethnie origins; for
example, European and Ameriean Caueasian
mountaineers (refs. 7 and 8), Indian soldiers,
and Latin American miners, The effect seems
to be essentially independent of cold, of prior
altitide ucclimatization, and possibly of physi-
cal fitness Psychological stressea enhanced
by the essentinl autonomic nervous instability
of the young ure undoubtedly important.

ENVIRONMENTAL VARIABILITY
Barometric Pressure

Changes in barometric pressure with pressures
ranging from 572 tc 608 millibars have been
obrerved on Mount Wrangell. While part of
this variability is attributable to local meteoro-
logical conditions, by far the major influeace is
seasonal as shown in figures 8 and 9. Pressure
changes of this magnitude, particularly at
altitude, are physiologically significant. For
example, a subject at the Wrangell station who
is at a tapeline eltitude of 4160 meters (13650
feet) and therefore assumes that Le is at o
pressure altitude of 604 millibars may, in the
worst case, be exposed to a pressure altitude of
only 572 millibars. Thus, from a physiological
viewpoint, he is really exposed to n altitude of
4572 meters (16000 feet). The effect of
barometric pressure changes primarily related
to latitude becomes evident if the situation at
4160 meters (13 650 feet) on Mount Wrangell
is compared with that at the same tapeline
altitude at 28° N on Mount Everest. In the
worst case, calculated on the basis of the data
extrapolated froni figure 8, an Everest subject
would be at o pressure altitude of 606 1millibars
or 4136 meters (13 570 feet) and, by compari-

894-954 0—89——17

720 %'ngooo (4] A
’ o0
O e N e e S 0000 Y P,
h &a—-.*
i 680 ~ \.7\\\-
E seor enem
£00 UR GiAunann ATwOSENS - .
E m' < Y
P
440
420
R S R
400 l L 1 i L. eeaed
30 40 30 60 70 a0
LATITUDE IN *N

Ftaure 8.—Variation in barometric ©tre ire as a
function of altitude, Iatitude, and season compared
with U.8, standard atmospher: (ref. 21).  Latitndoes of
Mount Wrangell ond Mount Everest are shown.

ssml: Y3 e, mmmn‘t/
i frg
Giseo { i
L A
8%0 it ‘!'3” gt

Fi16ure 9.—Range of barometric pressures observed at
Mount Wrangell by month and annual expeoted
range based on an extrapolation from figure 8. I’ata
from Bingham and Benson (ref. 23) and unpublished
Arctic Acromedical Laboratory observations.

son, would enjoy a substantial physiological
advantage.

The reasons for the seasonal and latitude
barometric pressure effects have been discussed
by others (ref. 20). The latitude effect is
related to the axial rotation of the Earth which
produces an equatorial bulging and polar
flattening of the Earth’s atmospheric envelope
as a function of angular velocity and the
Eerth's diamete~. The seasonul effects are
related to the changes in thermal inputs to the
atmosphere from solar radiation as a function
of the 22° axial inclination of the Earth.
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Alr Temipérature

The mean average temperature at the
Wrangell station is —20° C (ref. 21). Figure 10
shows the temperature lapse rate as a function
of season, These rendings are free-air tempera-
tures recorded from an aireraft during ascent
from the base camp. It is evident that tem-
peratures at the summit have a relatively
narrow range when compared with the wide
seasonal excursions seen near sen level only a
short distance away.
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Figure 10.—Temperature profiles as a function of
altitude and season in the Wrangell area. Measure-
ments made from an aircraft flying from Gulkana,
Alaska (altitude, 1300 meters), to the Wrangell sum-
mit 50 miles away. Temperature lapse rate accord-
ing to the U.S. standard atmosphere is shown for
comparison. Data collected by Benson, Wilson,
and Holmstrom.

Ground Temperature

Mount Wrangell’s attractiveness as a location
for an arcti¢ altitude station is related in part
to the availability of usable ground heat in the
region of thy ice-free ridge. A reconnaissance
study performed in 1961 by Benson (ref. 21)
provided the basic data. (See fig. 11.) The
ash comprising the main body of the ridge was
identified as typical Pacif'c rim andesites. The
thermal gradient, in the ridge was found to be
0.30° em~! down to a depth of 1 meter. Calcu-
lations performed in 1963 (ref. 22) showed the

EXTRATERRESTRIAL RESOURCES

heat flux to be sufficient to maintain a 16- by
24~ by A-foot structure with an uninsulated
floor and 4-1/2-inch-thick insulated walls and
roof at an interior temperature of 20° C in the
face of an external temperature of —40° C.
Since its erection in 1964 the present structure
has, in fact, remained warm, fairly dry, and
stably located in its original position. The
enormous logistical advantage of being able to
draw on an unlimited thermal source for
warmirg an arctic building in a remote location
can bo best appreciated by those with some
experience in the polar regions.

During construction, three dial thermometers
reading from 0° to 100° C were mounted in the
plywood floor to measure ash temperatures be-
low the building as shown in figure 12. During
the period of occupancy substantial temperature
variations were seen; they rose on occasion to
the boiling point of water (84.7° to 86.4° C,
depending on barometric pressure) at rates as
high as 4.5° C hr™t. (See fig. 13.) Bingham
and Benson (ref. 23) have observed that the
temperature rises ~orrelate well with decreases
in barometri¢ pressure and explain it on the
basis of Elder’s steaming ground model. They
feel that the temperature effect, although opera-
tive in the whole ridge, is accentuated in the
ash under the structure probably because the
hut, acting as a seal, prevents the free escape
of water vupor to the outside.

In addition to the main ice-free ridge, there
are other evidences of volcanic heat such as a
modest crater, several small, hot areas scattered
around the rim of the caldera, and one area of
several hundred square meters of red clay
formed by the hydrothermal alteration of the
rock in the area. The temperature of the cley
surface rangss from warm to hot to the touch,
with temperatures as high as 86° C having been
messured. Blue-green algae tentatively identi-
fied as a Phormidium have been observed grow-
ing on the warm surface. Unfortunately, no
systenatic biological study of this or any of the
other ridges has been undertaken, although
such an effort might prove very interesting,
particularly if the results could be compired
with similar studies from other mountainous
areas such as the warm spots on Mount Erebus
(altitude 4023 meters (13 200 fedt)} at 77° 8.
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F1aure 11.—Temperature gradient in ice-free ridge. 1961 data from Benson (ref. 21) 1964 data collected by Bing-
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Fioune 13.—Comparison of barometric pressures,
Data collected by pervionnel from Geophysioal Insti-
o tute, U.S. Army, and V.8, Air Force, (a) Compari-
eon of barometrie pressiures as measured at Gulkana

with subfloor ground temperatures at laboratory

NN building. Mount Wrange!l pressures were not made
SIDE VIEW during this tine. () Comparison of batometric pros-

Fiavre 12.—Floor

sires at Gulkana and at Mount Wrangell showing
plan showing location of thermo- the close correspondercs in direction and extent of

couples used to measure ground-floor temperatures. changes.
Thermosouple 3 was located outside, next to wall of
hut, and measured frec-air temperature,

peratures well below freezing; a massive, rela-

APPLICATION TO EXTRATERRESTRIAL  tively flat, permanent snow field and icefield;

The Wrangell

. a small volcanic crater; and an ice-free ridge
ACTIVITIES productive of ground hea;t. which can be trapped
summit is one of the world’s  in useful quantities with a minimum of effort.

unique locations. It has the polar day; tem- The yearly ambient tempetature range is about
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half as great as that in the valley lowlands 50
miles away. Barometric pressures are much
lower than those ordinarily expected at such an
altitude. Itisremoteyetlogistically acceptable.

The establishment of a small fucility on the
Wrangell summit provided an unusual op-
portunity to observe several fundamental
interactions of man and his environment.
In the first of these, the impact of the multiple
environmental and psychological stresses on
the subjects appeared to have been greater
than a simple sum of the parts. Thus, the
Wrangell experience accentuated and uncovered
a naturally occurring age-specific relationship
vo altitude tolerance. This is an important
observation which relates to the selection and
training of planetary pioneers as well as to lunar
and planetary station operations. Tt suggests
that &8 man in his thirties is innately superior
to a younger man, #& superiority probably
related, at least in part, to physiological
factors and independeént of the processés of
self-selection incidental to time. It also pro-
vides 2 model for the broad human response
that might be seen should a degradation in the
station life-support system result in a modest
reduction in internal pressure and oxygen
tension. Second, the significance of certain
physical phenomena becomes evident only
after the environment has been “stressed” by
the works of man. Figure 10 shows the ground-
temperature gradient as measured February 28,
1064, to be very steep when compared to
earlier measurements. It was incidentally
observed at the time that a thin surface layer
of ash was frozen in the area. However, it was
only after the ground-temperature effect under
the shelter had been observed and evaluated
that the abnormally steep gradient noted in
1964 could be appreciated as a variation having
meteorological rather than volcanological sig-
nificance. Finally, the Wrangell observatiuns
focus attention on season and latitude in
determining physiologically important atmios-
pheric characteristics in the world’s high
places, considerations which might also be
important should an extraterrestrial location
be found which possesscn & sensible atmonphere.

From a logistic point of view, the use of
ground heat proved to be & major operational

EXTRATERRESTRIAL RFSOURCES

asset. The same general principle may well
apply in long-term manned extraterrestrial
efforts as applies to the utilization of locally
available natursl resources. Although the
Wrangell ridge is only a sinall thermal island
in a vast, lifeless desert of snow on an Atctie
mountaintop, when compared with other Arctie
mountain sites it represents a preferred location
for u manned station because of its usable heat
stores. Preferred locations may also exist on
otherwise forbidding extraterrestrial bodies.
In defining them, the availability of local
energy sources such as ground heat may well
be an important criterion, in which case the
observations already made at Wrangell repre-
sent only a beginning.
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